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(54) Sensorless controlling apparatus of monitoring brushless motor

(57) A sensorless controlling apparatus for control-
ling a brushless motor includes a speed calculator for
calculating speed of a rotor m, an angle calculator for
calculating rotor angle θ at a predetermined time interval,
and an angle controller for calculating correction angle
∆θ based on the current value of a d-axis current (d-axis
current value id), thereby controlling the rotor angle 6.

The angle calculator uses the correction angle ∆θ calcu-
lated by the angle controller, the speed ω calculated by
the speed calculator, a predetermined time, and the rotor
angle θ calculated by the angle calculator at a predeter-
mined time to calculate the rotor angle at the predeter-
mined time interval. Thus, the rotor angle θ calculated by
the angle calculator is converged on the true angle of the
rotor.
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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to a sensorless controlling apparatus of a brushless motor for performing vector control
by calculating the angle of a rotor using a d-axis current.
[0002] Generally, a controlling apparatus for performing vector control to control drive of a brushless motor is known.
In the vector control, current values of three phases in a fixed coordinate system (namely, a coordinate system made
up of a u axis, a v axis, and a w axis each forming an angle of 120 degrees and crossing at one point) are converted
into currents of two phases (namely, d-axis current and q-axis current) in a rotating coordinate system (namely, a
coordinate system made up of a d-axis indicating the magnetic flux direction of a field pole and a q-axis orthogonal to
the d-axis) and the currents of two phases are used for controlling.
[0003] A sensorless controlling apparatus for performing the vector control and estimating the angle (position, phase)
of a rotor without using a sensor for directly detecting the angle of a rotor of a brushless motor is known. As the sensorless
controlling apparatus of a brushless motor, a controlling apparatus for estimating the angle of a rotor using the current
values of a d-axis current and a q-axis current is disclosed. (For example, refer to Japanese Patent Laid-Open No.
2001-95281, Japanese Patent Laid-Open No. 2005-210813, Japanese Patent Laid-Open No. 2006-87152 and Japanese
Patent Laid-Open No. 2007-53829)
[0004] However, in the related art described above, a motor model needs to be used to estimate the angle of the rotor
of a brushless motor and the computation load is large. That is, since the angle of the rotor is estimated using inductance
and resistance of a stator coil forming a part of the brushless motor, the computation load when loop processing is
performed for frequently estimating the angle is large. Consequently, a high-cost CPU having a high-performance com-
putation processing capability needs to be used; this is a problem.
[0005] Since the motor model of inductance, resistance, etc., of a coil forming a part of a brushless motor varies from
one brushless motor to another, it is necessary to change a computation processing program to estimate the angle
depending on the brushless motor to be controlled; this is a problem.

SUMMARY OF THE INVENTION

[0006] It is therefore an object of the invention to provide a sensorless controlling apparatus of a brushless motor for
making it possible to use a low-cost CPU and eliminate the need for changing a computation processing program.
[0007] According to a first aspect of the invention, there is provided a sensorless controlling apparatus for controlling
a brushless motor having a rotor having a permanent magnet and a stator having stator coils of a plurality of phases for
generating a rotating magnetic field to rotate the rotor based on a vector control by calculating an angle of the rotor using
a d-axis current, the sensorless controlling apparatus comprising:

a speed calculator that calculates speed of the rotor;
an angle controller that calculates a correction angle based on a current value of the d-axis current; and
an angle calculator that calculates an angle of the rotor at a predetermined time interval by using the correction
angle calculated by the angle controller, the rotor speed calculated by the speed calculator, the predetermined time
interval, and the rotor angle which has been calculated by the angle calculator at a predetermined time.

[0008] According to the configuration, the sensorless controlling apparatus includes the speed calculator for calculating
the rotor speed, the angle calculator for calculating the rotor angle at a predetermined time interval, and the angle
controller for calculating the correction angle based on the current value of the d-axis current, thereby controlling the
rotor angle. The angle calculator calculates the rotor angle at the predetermined time interval by using the correction
angle calculated by the angle controller, the rotor speed calculated by the speed calculator, the predetermined time
interval, and the rotor angle calculated by the angle calculator at a predetermined time. Consequently, the rotor angle
calculated by the angle calculator can be converged on the true angle of the rotor and sensorless vector control can be
performed by performing simple computation with small computation load without using a motor model. The computation
load decreases and the need for using a high-performance and high-cost CPU is eliminated. Therefore, a low-cost CPU
can be used. Further, the rotor angle can be converged on the true angle of the rotor without using a motor model, so
that it is not necessary to change the computation processing program corresponding to the brushless motor to be
controlled. Therefore, the controlling apparatus high in general versatility can be provided.
[0009] A second aspect of the invention is characterized by the fact that in the sensorless controlling apparatus of the
first aspect, the angle controller calculates the correction angle (∆θ) based on the current value of the d-axis current by
computing the following expression: 
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where E represents deviation between the current value of the d-axis current and a predetermined command value, CP
represents a first constant, F represents an accumulated value of the deviation, and CI represents a second constant.
[0010] According to the configuration, the angle controller calculates the correction angle by using the current value
of the d-axis current, the predetermined command value, the first constant, and the second constant, and computes the
expression, thereby calculating the correction angle (∆θ) based on the current value of the d-axis current, thereby
controlling the rotor angle. Thus, the correction angle can be calculated by performing simple computation with small
computation load to control the rotor angle (namely, the rotor angle calculated by the angle calculator).
[0011] A third aspect of the invention is characterized by the fact that in the sensorless controlling apparatus of the
brushless motor of the first or second aspect, the angle calculator calculates the rotor angle (θk+1) at a predetermined
time interval by computing the following expression: 

where ∆θ represents the correction angle calculated by the angle controller, ω represents the rotor speed calculated by
the speed calculator, Ts represents the predetermined time, and θk represents the rotor angle which has been calculated
by the angle calculator at the predetermined time.
[0012] According to the configuration, the angle calculator calculates the rotor angle θk+1 at the predetermined time
interval by computing the expression. Thus, the rotor angle can be calculated by performing simple computation with
small computation load.
[0013] A fourth aspect of the invention is characterized by the fact that in the sensorless controlling apparatus of the
brushless motor of any one of the first to third aspects, if said speed calculator determines that the rotor rotates a
predetermined angle based on the rotor angle calculated by the angle calculator, the speed calculator calculates the
rotor speed (ω) by computing the following expression: 

where K represents the number of times the angle calculator has calculated the rotor angle while the rotor rotated the
predetermined angle, Ts represents the predetermined time, and δ represents the predetermined angle.
[0014] According to the configuration, if the speed calculator determines that the rotor has rotated the predetermined
angle based on the rotor angle calculated by the angle calculator, the speed calculator calculates the rotor speed and
also calculates the rotor speed ω by computing the expression. Thus, the rotor speed can be calculated based on the
rotor angle calculated by the angle calculator and can be calculated by performing simple computation with small com-
putation load.
[0015] According to the invention, there can be provided a sensorless controlling apparatus for a brushless motor for
making it possible to use a low-cost CPU and further eliminate the need for changing a computation processing program
corresponding to the brushless motor to be controlled.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a block diagram to show the general configuration of a motor drive control system according to an embod-
iment of the invention.
FIG. 2 is a flowchart to show a calculation procedure of the angle and the speed of a rotor.
FIG. 3 is a drawing to describe the angle calculated by an angle calculator.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0017] Referring now to the accompanying drawings, there is shown a specific embodiment of the invention. The
speed in Specification is the angular speed indicating the rotating speed.
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A motor drive control system according to the embodiment of the invention includes a brushless motor 1 (simply, "motor
1"), a PWM inverter 2 for driving the motor 1, and a sensorless controlling apparatus 3 (simply, "controlling apparatus
3") for controlling the motor 1 by controlling the PWM inverter 2.
[0018] The motor 1 is made up of a rotor (not shown) having a permanent magnet and a stator (not shown) having
stator coils (not shown) of a plurality of phases of a U phase, a V phase, and a W phase (namely, three phases) for
generating a rotating magnetic field to rotate the rotor.
[0019] The PWM inverter 2 converts DC power supplied from a power supply section (not shown) of a battery, etc.,
into 3-phase AC power and commutates energization of the stator coils of three phases of the motor 1 in order, thereby
supplying current to the U phase, the V phase, and the W phase. The currents supplied to the U phase, the V phase,
and the W phase are called U phase current Iu, V phase current Iv, and W phase current Iw respectively. Therefore, the
PWM inverter 2 drives the motor 1 by supplying the U phase current Iu, the V phase current Iv, and the W phase current
Iw to the motor 1 so that the voltages corresponding to voltage command values are applied to the stator coils of three
phases.
[0020] The controlling apparatus 3 includes a speed controller 31 for calculating d-axis • q-axis current command
value id*, iq*, a current controller 32 for calculating d-axis • q-axis voltage command value vd*, vq* based on the d-axis
• q-axis current command value id*, iq*, and a coordinate conversion section 33 for calculating three-phase voltage
command values vu*, vv*, and vw* based on the d-axis • q-axis voltage command value vd*, vq*. The controlling apparatus
3 further includes a current detection section 34 for detecting phase current Iu, Iv, a coordinate conversion section 35
for calculating the current value of d-axis • q-axis current Id*, Iq*, an angle controller 36 for calculating correction angle
∆θ, an angle calculator 37 for calculating angle θ, and a speed calculator 38 for calculating speed ω for vector control.
The described controlling apparatus 3 performs sensorless vector control for the motor 1 by calculating the angle θ of
the rotor using the d-axis current Id. The sections 31 to 38 operate by a CPU (not shown) for executing a computation
processing program and a control processing program stored in ROM (not shown) using RAM (not shown) having a
work storage area.
[0021] The speed controller 31 subtracts the speed ω calculated by the speed calculator 38 from externally input
command speed ω*, calculates d-axis current command value id* and q-axis current command value iq* based on the
subtraction result (ω*-ω), and outputs the axis current command values to the current controller 32. Generally, the d-
axis current command value id* is 0.
[0022] The current controller 32 subtracts the current value of the d-axis current Id calculated by the coordinate
conversion section 35 (which will be hereinafter referred to as "d-axis current value id") from the d-axis current command
value id*, calculates d-axis voltage command value vd* based on the subtraction result (id*-id), and outputs the d-axis
voltage command value to the coordinate conversion section 33. Further, the current controller 32 subtracts the current
value of the q-axis current Iq calculated by the coordinate conversion section 35 (which will be hereinafter referred to
as "q-axis current value iq") from the q-axis current command value iq*, calculates q-axis voltage command value vq*
based on the subtraction result (iq*-iq), and outputs the q-axis voltage command value to the coordinate conversion
section 33.
[0023] The coordinate conversion section 33 uses the angle θ calculated by the angle calculator 37 to perform coor-
dinate conversion of the d-axis voltage command value vd* and the q-axis voltage command value vq* into three-phase
voltage command values vu*, vv*, and vw*. The coordinate conversion section 33 outputs the voltage command values
vu*, vv*, and vw* calculated by executing the coordinate conversion to the PWM inverter 2. Therefore, the PWM inverter
2 drives the motor 1 by supplying the U phase current Iu, the V phase current Iv, and the W phase current Iw to the motor
1 so that the voltages corresponding to the voltage command values vu*, vv*, and vw* are applied to the stator coils of
three phases.
[0024] The current detection section 34 samples the current supplied to the motor 1 by the PWM inverter 2 at the
interval of sampling time Ts, thereby detecting the U phase current Iu and the V phase current Iv, and detecting current
values iu and iv. Further, the current detection section 34 calculates current value iw of the W phase current Iw based on
the current values iu and iv of the phase currents Iu and Iv (namely, indirectly detects the current value). The current
detection section 34 outputs the current values iu, iv, and iw of the phase currents Iu, Iv, and Iw of the three phases (U
phase, V phase, and W phase) to the coordinate conversion section 35. In the embodiment, the W phase current value
iw is calculated based on the current values iu and iv. However, the current values of the phase currents Iv and Iw or the
phase currents Iu and Iw may be detected and the current value iu or iv of the U phase current Iu or the V phase current
Iv may be calculated based on the current values of the phase currents or all phase currents Iu, Iv, and Iw may be directly
detected and the current values iu, iv, and iw of the phase currents Iu, Iv, and Iw may be detected. The sampling time Ts
is shorter than the time for the rotor to make one revolution (namely, 360-degree rotation).
[0025] The coordinate conversion section 35 uses the angle θ calculated by the angle calculator 37 to perform coor-
dinate conversion of the phase current values iu, iv, and iw, thereby calculating the current values id and iq of the d-axis
current Id and the q-axis current Iq. The coordinate conversion section 35 outputs the d-axis current value id to the angle
controller 36 and the current controller 32 and outputs the q-axis current value iq to the current controller 32.
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[0026] The angle controller 36 calculates the correction angle ∆θ based on the d-axis current value id, thereby controlling
the angle of the rotor. More specifically, whenever the d-axis current value id is input to the angle controller 36 by the
coordinate conversion section 35, the angle controller 36 calculates the correction angle ∆θ repeatedly (more than once).
For example, the correction angle ∆θ is calculated by computing the following calculation expression: 

In this expression, E is deviation between the d-axis current value id and predetermined command value d*, and CP is
a constant called proportional gain in PI (proportional plus integral) control. As the predetermined command value d*,
0 can be used. In the expression, F is an accumulated value of E of deviation between the d-axis current value id and
the predetermined command value d*, and CI is a constant called integral gain in PI control. That is, the angle controller
36 performs the PI control and optimum values are defined for the constants CP and CI according to the actual control
result of the motor 1 by the controlling apparatus 3. Thus, there can be provided the controlling apparatus 3 high in
general versatility capable of controlling the motor 1 independently of the inductance or resistance of the stator coils
making up the controlled motor 1. In the embodiment, the angle controller 36 calculates the correction angle ∆θ by
performing the PI control using the constants CP and CI, but may calculate the correction angle ∆θ by performing PID
control or may calculate the correction angle ∆θ by performing P control without using CI. To perform the P control, the
correction angle ∆θ is calculated by computing ∆θ = CP x E. The angle controller 36 outputs the calculated correction
angle ∆θ to the angle calculator 37. That is, the angle calculator 37 calculates the angle based on the correction angle
∆θ calculated by the angle controller 36 and thus the angle controller 36 controls the angle θ of the rotor calculated by
the angle calculator 37.
[0027] The angle calculator 37 calculates the angle θ of the rotor at the interval of the sampling time Ts. More specifically,
the angle calculator 37 calculates the rotor angle θk+1 by using the correction angle ∆θ calculated by the angle controller
36, the speed ω calculated by the speed calculator 38, the sampling time Ts, and the angle θk calculated by the angle
calculator 37 at a predetermined time. For example, the angle θk+1 is calculated by computing the following calculation
expression: 

As the rotor rotates, the angle θ monotonously increases. If the calculated angle θk+1 is 2Π or more, 2Π is subtracted
from the angle θk+1, whereby the angle θk+1 is deformed so as to satisfy the relation of 0 ≤ θk+1 < 2Π. The angle calculator
37 outputs the angle θk+1 thus calculated to the speed calculator 38 and outputs it to the coordinate conversion sections
33 and 35 as the angle θ. Therefore, the angle calculator 37 calculates and outputs the angle θ each time phase current
is sampled (namely, at the interval of the sampling time Ts).
[0028] The speed calculator 38 determines whether or not the rotor has rotated a predetermined angle δ based on
the rotor angle θ calculated by the angle calculator 37. If the speed calculator 38 determines that the rotor has rotated
the predetermined angle, the speed calculator 38 calculates the rotor speed ω. For example, the speed ω is calculated
by computing the following calculation expression using the predetermined angle δ of rotation of the rotor and the product
of the number of times the angle calculator 37 has calculated the rotor angle θ while the rotor rotated the predetermined
angle, K, and the sampling time Ts (namely, K x Ts): 

[0029] More specifically, to determine whether or not the rotor has rotated 360 degrees, for example, and calculate
the rotor speed ω, the speed calculator 38 makes a comparison between the angle θk+1 calculated by the angle calculator
37 and the angle θk calculated just before calculation of the angle θk+1, thereby determining whether or not the rotor has
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rotated 360 degrees. That is, if angle θk+1 < θk, the angle θk+1 calculated by the angle calculator 37 is 360 degrees or
more and therefore it can be determined that the rotor has rotated 360 degrees (namely, one revolution). The speed
calculator 38 counts the number of times a comparison has been made between θk and θk+1 while the rotor rotated 360
degrees, thereby finding the number of times the angle controller 37 has calculated the rotor angle θ while the rotor
rotated 360 degrees, K, (namely, the number of sampling times a phase current has been sampled). Therefore, to
determine whether or not the rotor has rotated 360 degrees and calculate the rotor speed ω, the product of the number
of times K and the sampling time Ts (K x Ts) represents the time required for the rotor to rotate 360 degrees (namely,
2Π) and the rotor speed ω is calculated by computing ω = 2Π/ (K x Ts) where 2Π is assigned to δ in expression (3).
[0030] The speed calculator 38 the speed ω thus calculated to the angle calculator 37 and the speed controller 31.
That is, the rotor speed ω is updated each time the rotor rotates the predetermined angle (for example, 360 degrees).

<Calculation procedures of angle and speed of rotor>

[0031] The controlling apparatus 3 of the motor 1 of the embodiment is characterized by the fact that it calculates the
rotor angle θ without using a motor model by executing the computation processing program and the control processing
program. FIG. 2 is a flowchart to show the operation of the controlling apparatus 3 to calculate the angle θ and the speed
ω. The control processing program is a program for executing the operation shown in the flowchart of FIG. 2 in the period
of the sampling time Ts. A calculation procedure of rotor angle θn+1 calculated at time n (namely, rotor angle at time
n+Ts after the sampling time Ts from the time n) and a calculation procedure of the speed ω every 360-rotation of the
rotor will be discussed in detail with reference to FIG. 2.
[0032] To begin with, the current detection section 34 detects the current values of the U phase current Iu and the V
phase current Iv at the time n and calculates the current value of the W phase current Iw at the time n (step S1). Next,
using the angle θ (namely, angle θn calculated by the angle calculator 37 at time n-Ts (sampling time of phase current
just before the time n)), the coordinate conversion section 35 executes coordinate conversion of the current values of
the phase currents Iu, Iv, and Iw and calculates the d-axis current value id and the q-axis current value iq (step S2).
[0033] Next, the angle controller 36 uses the d-axis current value id calculated at step S2 to calculate the correction
angle ∆θ (step S3). The angle calculator 37 calculates the rotor angle θn+1 at the time n+Ts (step S4). More specifically,
the angle calculator 37 calculates the angle θn+1 by computing θn+1 = θn + ω x Ts + ∆θ wherein n is assigned to k in
expression (2). That is, as shown in FIG. 3, when the rotor rotates in the direction of arrow R in the figure, the sum of
the rotor angle θn at the time n, the rotor rotation angle from the time n to the time n+Ts (ω x Ts), and the correction
angle ∆θ is the rotor angle θn+1 at the time n+Ts. Therefore, the rotor angle θk+1 is calculated using not only the rotor
angle θn at the time n and the rotor rotation angle from the time n to the time n+Ts (ω x Ts), but also the correction angle
∆θ. Thus, the angle controller 36 can control the rotor angle θ calculated by the angle calculator 37 so as to converge
(bring) the rotor angle θ calculated at the interval of the sampling time Ts by the angle calculator 37 on (close to) the
true angle of the rotor (namely, the actual angle).
[0034] The speed calculator 38 determines whether or not the rotor has rotated 360 degrees (namely, one revolution)
(step S5). If it is determined at step S5 that the rotor has rotated 360 degrees (namely, 2Π), the speed calculator 38
calculates the rotor speed ω and updates the speed (step S6). The speed ω is calculated by computing ω = 2Π/ (K x Ts)
wherein 2Π is assigned to δ in expression (3). On the other hand, if it is not determined at step S5 that the rotor has
rotated 360 degrees, the rotor speed ω is not updated. In the embodiment, if it is determined that the rotor has rotated
360 degrees, the speed calculator 38 calculates the rotor speed ω, but the rotation angle may be any angle other than
360 degrees.
[0035] According to the controlling apparatus 3 of the embodiment described above, the following advantages can be
provided:
(1) The controlling apparatus 3 includes the speed calculator 38 for calculating the rotor speed ω, the angle calculator
37 for calculating the rotor angle θ at the interval of the predetermined sampling time Ts, and the angle controller 36 for
calculating the correction angle ∆θ based on the current value of the d-axis current Id (namely, the d-axis current value
id), thereby controlling the rotor angle θ. The angle calculator 37 uses the correction angle ∆θ calculated by the angle
controller 36, the speed ω calculated by the speed calculator 38, the sampling time Ts, and the angle θn calculated by
the angle calculator 37 at the predetermined time n-Ts to calculate the rotor angle θn+1 at the interval of the sampling
time Ts. Consequently, the rotor angle θ calculated by the angle calculator 37 can be converged on the true angle of
the rotor and sensorless vector control can be performed by performing simple computation with small computation load
without using a motor model. The computation load decreases and the need for using a high-performance and high-
cost CPU is eliminated. Therefore, a low-cost CPU can be used. Further, the rotor angle θ can be converged on the true
angle of the rotor without using a motor model, so that it is not necessary to change the computation processing program
depending on the brushless motor to be controlled. Therefore, the controlling apparatus 3 high in general versatility can
be provided. The angle calculator 37 does not use the voltage value to calculate the rotor angle θn+1 and thus it is hard
to receive the effect of voltage fluctuation in the power supply section of a battery, etc.
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[0036] (2) The angle controller 36 calculates the correction angle ∆θ by using the current value of the d-axis current
Id (namely, the d-axis current value id), the predetermined command value d* (for example, 0), the constant (first constant)
CP, and the constant (second constant) CI, and the angle controller 36 computes expression (1), thereby calculating the
correction angle ∆θ based on the current value of the d-axis current Id, thereby controlling the rotor angle θ. Thus, the
correction angle ∆θ can be calculated by performing simple computation with small computation load to control the rotor
angle θ (namely, the rotor angle calculated by the angle calculator 37).
[0037] (3) The angle calculator 37 calculates the rotor angle θn+1 at the interval of the sampling time Ts by computing
expression (2). Thus, the rotor angle θ can be calculated by performing simple computation with small computation load.
[0038] (4) If the speed calculator 38 determines that the rotor has rotated the predetermined angle based on the rotor
angle θ calculated by the angle calculator 37, the speed calculator 38 calculates the rotor speed ω and also calculates
the rotor speed ω by computing expression (3). Thus, the rotor speed ω can be calculated based on the rotor angle θ
calculated by the angle calculator 37 and can be calculated by performing simple computation with small computation load.
[0039] It is to be understood that the invention is not limited to the specific embodiment described above and various
design changes can be made based on the spirit of the invention and are not excluded from the scope of the invention.
For example, the embodiment described above may be changed as follows:
[0040] In the embodiment described above, if the speed calculator 38 determines that the rotor has rotated the pre-
determined angle, it calculates the rotor speed ω and also calculates the rotor speed ω by computing expression (3),
but may calculate the rotor speed ω each time the angle calculator 37 calculates the rotor angle θ. In this case, the speed
calculator 38 calculates the rotor speed ω by computing the following calculation expression:

[0041] In so doing, the rotor speed ω is calculated each time the angle calculator 37 calculates the rotor angle θ, so
that more accurate speed ω can be calculated.

Claims

1. A sensorless controlling apparatus for controlling a brushless motor having a rotor having a permanent magnet and
a stator having stator coils of a plurality of phases for generating a rotating magnetic field to rotate the rotor based
on a vector control by calculating an angle of the rotor using a d-axis current, the sensorless controlling apparatus
comprising:

a speed calculator that calculates speed of the rotor;
an angle controller that calculates a correction angle based on a current value of the d-axis current; and
an angle calculator that calculates an angle of the rotor at a predetermined time interval by using the correction
angle calculated by the angle controller, the rotor speed calculated by the speed calculator, the predetermined
time interval, and the rotor angle which has been calculated by the angle calculator at a predetermined time.

2. The sensorless controlling apparatus according to claim 1, wherein
the angle controller calculates the correction angle (∆θ) based on the current value of the d-axis current by computing
the following expression: 

where E represents deviation between the current value of the d-axis current and a predetermined command value,
CP represents a first constant, F represents an accumulated value of the deviation, and CI represents a second
constant.
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3. The sensorless controlling apparatus according to claim 1, wherein
the angle calculator calculates the rotor angle (θk+1) at a predetermined time interval by computing the following
expression: 

where ∆θ represents the correction angle calculated by the angle controller, ω represents the rotor speed calculated
by the speed calculator, Ts represents the predetermined time, and θk represents the rotor angle which has been
calculated by the angle calculator at the predetermined time.

4. The sensorless controlling apparatus according to claim 1, wherein
if said speed calculator determines that the rotor rotates a predetermined angle based on the rotor angle calculated
by the angle calculator, the speed calculator calculates the rotor speed (ω) by computing the following expression: 

where K represents the number of times the angle calculator has calculated the rotor angle while the rotor rotated
the predetermined angle, Ts represents the predetermined time, and δ represents the predetermined angle.
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